OPEN ACCESS
www.threatenedtaxa.org Building evidence for conservation globally
Journal of Threatened Taxa
For Focus, Scope, Aims, Policies and Guidelines visit http://threatenedtaxa.org/index.php/JoTT/about/editorialPolicies#custom-0 For Article Submission Guidelines visit http://threatenedtaxa.org/index.php/JoTT/about/submissions#onlineSubmissions For Policies against Scientific Misconduct visit http://threatenedtaxa.org/index.php/JoTT/about/editorialPolicies#custom-2 For reprints contact <info@threatenedtaxa.org>
INTRODUCTION
Hemidactylus Oken, 1817 is one of the most speciose gekkonid genera in the world, with about 150 congeners currently recognized, of which around 34 are found in India (Carranza & Arnold 2006; Bauer et al. 2010; Uetz & Hošek 2018; Chaitanya et al. 2018) . The Indian Hemidactylus are part of a tropical Asian radiation, and consist of five major clades -H. prashadi, H. flaviviridis, H. brookii, H. frenatus and H. platyurus groups (Bansal & Karanth 2010 ). Of these, the H. brookii group encompasses all the thus-far sampled ground-dwelling Hemidactylus that are found in central and peninsular India (Bansal & Karanth 2010; .
Previous studies show that the ground dwelling clade of geckos are sister to H. brookii, the clade that consists of five currently recognized terrestrial species namely H. reticulatus Beddome, 1870 , H. albofasciatus Grandison & Soman, 1963 , H. satarensis , H. imbricatus Bauer, Giri, Greenbaum, Jackman, Dharne & Shouche, 2008 , H. gracilis Blanford, 1870 (Bansal & Karanth 2010) . Hemidactylus scabriceps was considered to be closely related to the ground-dwelling Hemidactylus due to its superficial morphological similarities such as a reduced subdigital scansorial apparatus, imbricate tail scales, reduced subcaudal scales and a terrestrial lifestyle (Bauer et al. 2010) . Similar assumptions were made for Dravidogecko anamallensis (Günther, 1875) which was later resolved and found to be sister to the Indian Hemidactylus radiation (Bansal & Karanth 2013 ). In the past, H. scabriceps has been misidentified on many occasions with other marginally co-occurring terrestrial congeners such as H. reticulatus, despite its distinctive scalation (Ganesh et al. 2017 ). Annandale (1906) originally described this species as Teratolepis scabriceps based on its imbricate scalation, as the second congener next to T. fasciatus (currently H. imbricatus, after Bauer et al. 2008 ). Later, a new monotypic genus Lophopholis was erected by Smith & Deraniyagala, 1934 to accommodate this species as it was considered quite unique (Smith 1935) . Parker & Taylor (1942) Subsequently, the generic allocation of this species was debated and later the genus Lophopholis was synonymized with Hemidactylus by Loveridge (1947) .
Furthermore, Bauer et al. (2008) (Bansal & Karanth 2010 ).
Since its description, H. scabriceps was not re-sighted for 104 years till an uncollected specimen was reported from Mayiladuthurai in the Coromandel Coastal Plains (Ganesh & Chandramouli 2010 ).
More recently, Ganesh et al. (2017) dug up some obscure publications reporting this species under a wrong name, described a series of preserved specimens including its hemipenal morphology, provided natural history notes and mapped its locality based on newer fieldwork. Hemidactylus scabriceps, however, still remains an intriguing gecko for both Indian and Sri Lankan herpetologists due to its assumed rarity and unknown phylogenetic relationships, since it is underrepresented and poorly sampled (Bauer et al. 2010) . In this paper, we provide for the first time data on its phylogenetic position, elaborate on its morphology, habitat associations and distribution. 
MATERIALS AND METHODS

Specimens of
Morphological analysis
Morphological and meristic data were collected following methods described by and Mahony (2009) 
Species distribution modeling
Species distribution modeling was carried out using MaxEnt v.3.3 (Phillips et al. 2006) , which is based on maximum entropy modeling. MaxEnt, a machine learning program that estimates the probable species distribution based on constraints of the environment.
It uses presence-only data for prediction and studies
show that it has good success rate for small sample sizes compared to other SDMs (Elith et al. 2006; Wisz et al. 2008 as convergence threshold with threshold rule of 10 percentile training presence as it relatively better at predicting suitable habitat for endemic species (Escalante et al. 2013) . The logistic output of the model shows the suitability of the habitat, graded over a range of 0 to 1.
Molecular analysis
Genomic DNA was isolated from 95-100 % ethanol preserved liver tissue sample using phenol: chloroform:
isoamyl alcohol reagent (25:24:1 v/v) as described by Sambrook & Russell (2001) . Two partial mitochondrial markers, cytochrome b (cyt b) and NADH dehydrogenase 2 (ND2) along with two nuclear markers, Recombination
Activation Gene 1 (RAG-1), Phosducin (PDC) were used to infer the phylogeny of H. scabriceps (see Agarwal et al. 2011 ). These molecular markers were useful for resolving the phylogenetic relationships at deeper nodes. Primers and PCR conditions used were as described in Bauer et al. (2008) . PCR products were purified and sequences were obtained commercially from Bioserve Biotechnologies, Hyderabad, India. All PCR amplifications were carried out in 25µL reaction volumes, with 12.5µL of the 2X PCR master mix (Thermo Scientific), 0.5µL forward primer, 0.5µL reverse primer (10 pm/ µL concentration each) and 2µL template DNA added and the final volume was adjusted with nucleasefree water. Reactions were carried out with Thermo Scientific Mastercycler gradient thermocycler. The sequence integrity was analyzed by BLAST tool (Altschul et al. 1997) , processed and submitted to NCBI GenBank under the accession numbers given in Table 3 (Appendix 1).
Phylogenetic analysis
The mitochondrial genes cyt b (379 bp), ND2 (981 bp) and the nuclear genes PDC (400 bp) and RAG-1 (1000 bp) sequences of representative members of major, well supported Hemidactylus groups -H. flaviviridis, H. brookii, H. prashadi and H. frenatus (Bansal & Karanth 2010 Murthy et al. 2015; Giri et al. 2017; Chaitanya et al. 2018) were downloaded from GenBank (accession numbers listed in Table 3 in the appendix). Sequences were aligned with default gap penalties using ClustalW (Thompson et al. 1994) 
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2011). Protein-coding genes were translated to amino acids to check for the reading frame and premature stop codons. Uncorrected pairwise distances were calculated using the inbuilt program in MEGA. Sequences of the members of the H. brookii sensu lato group that were published prior to the revisions of the group (Mahony 2011; Lajmi et al. 2016) were labeled as H. brookii due to the inability to trace and identify the specimens from which the sequences were derived. The same revision, however, shows that the group including the ground-dwelling Hemidactylus is monophyletic and is sister to the H. frenatus group. Hence, the H. brookii epithet is used here indicating individuals that may represent H. murrayi, H. gleadowi, H. treutleri, H. kushmorensis or H. parvimaculatus (Lanfear et al. 2012) .
We used Partition Finder 2.1.1 to pick the partitions and best substitution model for the analysis. The concatenated gene dataset (cyt b, ND2, PDC and RAG1) comprise a total of 2760 bp. We built a maximum likelihood (ML) tree in RAxML HPC 7.4.2 through RAxMLGUI v1.3.1 (Silvestro & Michalak 2012 ) by running ML + thorough bootstrap for 10 runs and 1000 repetitions. RESULTS From a broader perspective, the ML analyses on the concatenated dataset with sequence lengths of 2760 bp yielded a tree (Image 1) of similar topology to previous studies (Chaitanya et al. 2018 ). Comparing tree topologies from prior works corroborated the integrity of our trees. Dravidogecko anamallensis is sister to all Indian Hemidactylus that consists of four well-supported groups, H. flaviviridis, H. brookii, H. prashadi and H. frenatus (Bansal & Karanth 2010; Lankan Hemidactylus is strongly supported in our tree.
Molecular phylogeny and relationships
From a species-specific viewpoint, the pairwise distance matrix revealed 6% divergence in the cyt b gene between the two individuals of H. scabriceps sampled from different localities (Thanjavur and Coimbatore). The genetic distance between H. scabriceps and other species of the H. prashadi and H. brooki clades are given in Table 1 . The high genetic divergence between the populations sampled may indicate that H. scabriceps could be a potential species complex that requires further study.
Morphology and body configurations (n=7, in mm) (Images 2 & 3)
A small-sized Hemidactylus (30.1-41.3); head short (9.6-13.8); distinct from neck; head broader (4.3-7.4) than high (3.9-6.9); forehead flat; snout (3.5-4.6) longer than orbital diameter (1.0-2.7); snout concave; covered with heterogeneous granular scales; scales on head keeled; small warty scales on parietal region intermixed with granular scales; scales largest on canthal region, size similar to tubercles on parietal region; pupil vertically elliptical with sharp crenellated edges, supraciliaries large when compared to scales on canthal region; pointed posteriorly; becoming smaller and less pointed towards posterior; spinose posteriorly; nostrils close to snout-tip (2.8-3.0), moderately wide (1.3-2.7), fairly close to eye (2.3-3.5); ear opening small (0.2-1.5); orbital diameter slightly smaller than orbit to ear distance; eyes distant from each other (1.4-3.8); rostral large; subrectangular to pentagonal in shape; in contact with nostril and the 1 st supralabial, medial groove dorsally, extending more than half the length of the rostral depth; supralabials 7/7 (left/right); infralabials 6/6 (left/right); mental triangular; two pairs of post mentals, inner pair in contact with mental and each other, outer pair not in contact with each other; a pair of smaller chin shields in contact with the outer postmentals followed by elongated shields in two rows in contact with the infralabials; no chin shields posterior to the postmentals; a row of smaller, slightly elongated scales with slightly pentagonal scales wedged in the intersection of the postmental scales; gular covered with small granular scales; trunk of moderate size (13.1-20.7); body slightly depressed, oval in crosssection, dorsolateral fold weak to indistinct; dorsum covered with mildly keeled, imbricate scales with no tubercles; granular scales from head gradually changing into sub-imbricate scales on nape and imbricate scales towards torso; mild keels on dorsal scales distinct, gradually disappearing towards ventral scales, scales at paravertebral line comparatively smaller than other 
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dorsal scales; ventral scales imbricate till femoral region; slightly smaller, rounded sub-imbricate scales posterior to femoral region; preanofemoral pores 2-4 on each side separated by 1-2 pore-less scales; forelimbs slender, covered with small, imbricate scales reducing in size and sub-imbricate to granular scales ventrally, forelimbs moderate, crus (5.4-6.7) longer than forearm (4.0-5.1); hindlimbs slender, covered with imbricate scales both ventrally and dorsally; dorsal part of manus and pes covered with small granular scales; digits short, free, with interdigital webbing absent, a distinct short curved claw present in all the digit tips; all digits with initial few lamellae divided, other lamellae fused; lamellar formula of manus 4-6-5-5-5 and pes 5-7-8-8-5; basal lamellae narrow; tail fairly long, (21.2-43.2) subequal to body length, robust and thickset in width (3.2-4.9); blunt at tip, round in cross section, covered with imbricate scales subequal to size of scales on dorsum, tubercles absent; dorsum light brown with dark brown bands extending from above the dorsolateral fold region sometimes forming 'x's along the body from nape to vent region with large white spots or scales sometimes forming 
Distribution and niche modeling
Hemidactylus scabriceps has so far been recorded from the dry, low-elevation plains of Tamil Nadu ranging from 10 to 380 m (Image 4). In the Coromandel Coastal Plains this species is known from Adayar (in Madras) near Palar Bay, southwards to Mannampandal near Cauvery Delta, further down in Ramanathapuram and Thoothukudi north and south of the Palk Strait, respectively. Apart from the earlier records we sighted this species from Thitai (11.083 to the phenotypically biased taxonomic allocations that taxa from the H. brookii clade have had, the current study confirms that the genus Lophopholis, originally erected for H. scabriceps, is actually a synonym of Hemidactylus (also see Bauer et al. 2008 ).
We observed this species in grassland/ dry thorn scrub jungle dominated by palmyra trees, in coconut grove and paddy fields. The species is strictly nocturnal, found resting under rocks during the day, preferably on mounds of gravel under moderately large rocks. It was repeatedly observed to be in a 's' shaped position under rocks and trying to stay still and not trying to get away while the rock was disturbed. This behavior was also observed in H. reticulatus (Ganesh et al. 2017; this work) and H. sataraensis (see . It is also common for H. scabriceps to be found in sympatry with H. triedrus (Image 8). Some specimens were also found inside termite-eaten and weathered palm and coconut logs, leaves and fruits. This species was observed to be highly territorial. Two individual male specimens in the same vicinity showed territorial behavior, circling each other making chirping calls to each other (the only time the species was heard vocalizing) with a raised waving tail, stretched legs and arched body, and trying to bite at the neck of opponent male. Individuals were found to occur at quite a distance from one another (15-20 m).
Thus our observations on the microhabitat associations of H. scabriceps along with previously published notes (Ganesh & Chandramouli 2010; Ganesh et al. 2017 ) do attest its strictly terrestrial lifestyle.
We found some of our adult male individuals to have either 2 or 4 pores on a single side, whereas it usually numbers 3 (Ganesh et al. 2017) . Such variations in characters of diagnostic importance in gecko taxonomy, coupled with high levels (6% in cyt b) of inter-individual genetic divergence point out to the possibility of cryptic speciation within this complex. It is also noteworthy to highlight that though the original description (Annandale 1906 ) and subsequent expanded characterizations, both historical (Smith 1935 ) and recent (Ganesh & Chandramouli 2010; Ganesh et al. 2017 ) of this species still stems from Coromandel Coastal Plains population, except for the sole record of a specimen from near Madurai (see Ganesh et al. 2017 ).
Thus the current study describes previously (Deepak & Karanth 2018) . Hemidactylus scabriceps also shows the contrast of shared fauna between the dry zones of Tamil Nadu and Sri Lanka (Guptha et al. 2015; Deepak et al. 2016; Deepak & Karanth 2018 . The ground dwelling clade of geckos that share similar traits was previously known to be sister to the H. brookii group of geckos and H. scabriceps was assumed to be related to this group . Our phylogenetic analysis reveals that H. scabriceps is related to the large rock dwelling clade of geckos contrary to what was previously assumed prompted by morphological similarity.
The unexpected and contrasting genetic relationship of the morphologically and ecologically discordant H. scabriceps and H. prashadi group underscores the complexity of peninsular India's geological history.
Previous studies on peninsular India's terrestrial lizard species have all revealed such discordant patterns of genetic alliance and eco-morphology. Agarwal & Karanth's (2015) molecular phylogenetic analyses revealed that the fat-bodied, forest-floor dwelling taxa 'Geckoella' is actually a part of primarily scansorial and rupicolous Cyrtodactylus radiation. Deepak et al.'s (2015) study on 'Brachysaura' minor also points out a similar structure, i.e. the short body form and completely terrestrial habits of that taxon, contrary to its arboreal congeners in the genus Calotes, is nothing but a result of reduction in tree cover and other associated landscape changes (Stromberg 2011; Ponton et al. 2012) . Similarly, the Miocene landscape changes such as aridification of the Indian sub-continent has shown large influence on lizard groups such as Cyrtodactylus, Ophisops, Sitana and Sarada in the Indian subcontinent (Agarwal & Karanth 2015; Agarwal & Ramakrishnan 2017; Deepak & Karanth 2018) . Similar to the phenotypically biased taxonomic allocations the above taxa have had, the current study confirms that the genus Lophopholis, originally erected for H. scabriceps, is actually a synonym of Hemidactylus (also see Bauer et al. 2008) .
Although previous studies on other peninsular Indian lizard taxa have revealed such unexpected yet consistent patterns of genetic and eco-morphological discordance, such an instance within the better-studied Indian Hemidactylus radiation (Bansal & Karanth 2010; Bauer et al. 2008 Bauer et al. , 2010 ) exhibiting this sharp a contrast is without precedent. This is particularly intriguing, especially when another member of the H. prashadi clade, H. triedrus, occurring in areas inhabited by H. scabriceps (see Smith 1935) can afford to survive in sandy low-elevation alluvial tracts without changing its body form too much. But it must be borne in mind that though H. triedrus occurs in plains habitat it could still scale vertical rock surfaces when such formations are present within its range, whereas H. scabriceps cannot (Ganesh et al. 2017; this work) . Additionally, in most of the range of H. scabriceps, there are no other strictly-terrestrial geckoes, neither Hemidactylus nor other genera (Smith 1935 
